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 Introduction — interatomic potentials,
MEAM

* Ti— phase transformation

* Molecular-dynamics simulations of the
shock-induced phase transformation of Ti.



MEAM Model Form

E, = Z ¢(7}j) + Z U(x;)
Xi = Z p(rij) + Z f(rij ) f (7 )g(COS(‘gjik )

The various terms are represented
: by splines with many degrees of
§ freedom, allowing much greater

2 accuracy.




Fitting Database

* Energies
—> for different crystal phases E(V)
—> Vacancy/Interstitial energies
-> Surfaces, clusters, other energies

* Forces — force matching method of Ercolessi and
Adams

—> snapshots from MD
—> crystal with random displacements
* Elastic constants and phonons



Titanium Phases

We want a model that describes a-m
Transitions 100

{200 B ibee

—>Pathways for phase transformation
—>Kinetics of moving interface, shock
physics

—> Atomic structure of moving interface

Temperature [K]

@ [ hexagonal)

Hexagonal (P6/mmn) cell with 3 atoms ':b
Prototype: MgBs structure

Fressue [GFPa)

omega viewed along ¢ axis

omega with exaggerated ¢ axis (side view)



D. R. Trinkle et al, Phys Rev Lett 91(2)
025701-1 (2003)

In this study pathways were systematically
enumerated for Ti.

shuttle ——=

Each pathway consists of shuffle (atomic displacements within cell)
and strain (changing shape of cell). Both are linearly interpolated.

Landscape barrier: Barrier in 2-D shuffle/strain plot

Actual barriers can then be found by relaxing atoms along path.




'MEAM Potential for Titanium |

e Classical model (Modified embedded-atom) of form used by T. Lenasky, et al.
® Parameterized to it VASP crvstal data, surface energies, and defect energies and forces

e Total Energy

a7 : ng;gﬂ a E‘EL:'I c EJSL;I E {E“r:-l
g '+ BCC hep 205 168 -5.010
e omega 458 0 282 5015
b bee 327 — 4910
[51]
. hep 205 167 5171
.. | omcga 159 281 5176
Volume [&stom] bee 326 —  -G063
e Defect Energies i
. . O 600-
Defect MEAM (V) GGA (eV) =
hep 5
Octahedral 2 242 2 58 on
Tetrahedral unstable to dumbbell-0001 2 100|
Dumbbell- 0001 2 346 287 o
Vacancy 1557 2.03 -
Divacancyv-AB 2828 392 E
omega — 200
Octahedral 2 182 376
Tetrahedral 3084 350 %
Vacancy-A 1720 292 o
Vacancy-B 0111 157 = %

e Lattice Constants

200 100
TB landscape barrier

500

MEANM
Cn Cp O Ch Cu
183 94 72 181 50
197 87 R 234 35
96 108 — — 39
GGA
176 87 6 191 h1
194 8l Rt 245 hd
a5 110 — — 417
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The yz-view of the whole sample
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